persons. An automatic navigation system is needed to ensure greater autonomy and security for the disabled person. Automatic control system is added to a manual control for autonomous displacement.
II. CONTROL SYSTEM FOR THE ELECTRIC WHEELCHAIR
The electric wheelchair for handicapped is monitoring by a manual system. The manual systems composed by joystick to manipulate the electric wheelchair [23] . The joystick is connected with the power module [22] using CAN bus to send and receive information.
The power module controls the motor speed. The connection between these components is given in figure 1. In order to make the disabled more independent, we have added a controller to attend a desired position. Then we have added an obstacle detection system and an obstacle avoidance controller.
In this context the electric wheelchair has been equipped with two control unit. The first unit based on micro-controller CB405 for manage the motors velocity and acquisition of signal from the encoders [7] . The second based on PIC16F877 for explore the ultrasonic sensors SRF08 and SRF04 [3] . All information is sent to the computer for calculation of new speed control. The data transmission between the control unit and the computer is through the MAX232 circuit providing a serial link with a rate of 9600 bit/s. The wheelchair"s automatic control system architecture is represented by Figure 2 . In this system the distance measurement separating the electric wheelchair and obstacles obtained by the control unit with PIC19F877. This distance measured by two types of ultrasonic sensors SRF08 and SRF04.
a. Ultrasonic sensors SRF04
SRF08 and SRF08 are based on measuring the elapsed time between emission and return echo [24] . When the ultrasonic wave is emitted it propagates at the speed of sound in the air, it approximate to 343m/sec. Once an obstacle is encountered, the echo returns to the transducer, Figure 2 . Automatic control system of the electric wheelchair which then calculates the time between transmission and reception of the ultrasonic waves. The connection of SRF04 sensor and the control unit is presented in Figure 3 .
b. Ultrasonic sensors SRF08
This sensor analyzes the ultrasonic wave using an integrated microcontroller. The control unit with PIC16F877 uses the I2C (Inter Integrated Circuit) bus to manage the ultrasonic sensors SRF08 [25] . The I2C is a serial bus using three wires that uses only two signal lines and the corresponding masses. The advantage of this bus is to connect multiple sensors on the same wire.
The connection of SRF08 sensor and the control unit is presented in Figure 4 .
c. Placement of sensors on the electric wheelchair
Eight ultrasonic sensors are located on forward and backward of the electric wheelchair. Also the incremental encoders installed on the DC motors shown on figure 5. These measures are very useful for obstacle avoidance algorithms. The navigation system require speed measurement and sensors reliability in view to obtain accurate real distance. In this electric wheelchair we use a fuzzy controller which generates a wheel speed command in order to reach desired position with the least effort. This fuzzy controller use the information delivered by the encoders and kinematic model for localization [7] . We have used an electric wheelchair designed for medical applications and precisely for handicapped that cannot support high speeds. The results of this fuzzy controller are presented in reference [7, 10] .
In the other hand we developed a fuzzy controller to ovoid obstacle for increase security of the electric wheelchair users [3] .
The fuzzy controller to join the target and the fuzzy controller to avoid obstacle use the encoder for the localization. In this method of localization we confront a large error margin mainly in practice, because the initial start condition are always flawed and principally made for the angle of rotation. Many other external condition increases the error of localization then the orientation of free rotating wheels placed forward that ensure static stability. Also the sliding wheel driving provides false measurement of displacement. In consequence these fuzzy controllers don"t work properly that in ideal condition.
In this context, we tried to improve the localization using the particle filter in order to achieve the desired places with more precision.
In the following paper we will detail the principle of the particle filter and the various equations used by this method. Also we describe the experimental result obtained by the particle filter applied on the electric wheelchair for handicapped. The conditional distribution of the state is represented by a weighted Dirac finite number are mentioned particle. Each particle represents a weighted probable system state. Its weight is in particle confidence degree function to represent the system state.
The particle filter is currently experiencing strong growth in many fields of science and information technology and communications, or engineering sciences, then localization, navigation, tracking, continued multi targets, vision, robotics, audio signal processing and digital communications.
We start by describing the basic algorithm, historically the first contain a redistribution step, introduced as the particle filter with interaction or condensation algorithm (conditional density propagation) [12] .
We consider now a Markov discrete nonlinear system:
Where and are known functions, is the vehicle previous configuration at the time k, is the control vector calculated using proprioceptive sensors noisy information between the time k and k+1. is the vector obtained by observation and exteroceptive sensors. and are the state noise vectors and observation noise.
The necessary conditions for the implementation of the particle filter algorithm are generating ) according to the state transition law and be able to assess the likelihood function ) at any point in the space state.
The algorithm of the particulate filter is based on Monte-Carlo sampling. We note , the path from the initial state in the final state . It is assumed that the state k, was an approximation of the conditional density ) state knowing measures = .
1-For i=1 to N, particles evolve .
2-For i=1 to N, to evolve the weight of the particles . (4) 3-For i=1 to N, normalizing the weight of the particles . (5) a. Degeneration of particle weight
The previous algorithm has a serious defect: in a few iterations k, almost all weight are zero.
Ideally the weight should stay around , the particles are of equal importance in the approximation.
We can consider the following criteria [18] : (6) This represents the effective number of particles. When nearly N then particles are same importance. There is weight degeneration when nearly 1.
In the next section we present a protection method against degeneration by redistributing particles.
b. The particles resampling
The particles propagation by sequential importance sampling algorithm causes the degeneration of the filter due to the particle error. To solve this problem, we will generate another particle system of the same size by promoting particles larger weight. Some particles will be duplicated and others eliminated. Then a new sample of particles is obtained.
IV. Localization of electric wheelchair using particle filter
In this paper we use the electric wheelchair for handicapped is composed of two independent driving wheels presented in figure 5 . The movement of the electric wheelchair is obtained by acting on the wheels speed. We use the kinematic model for calculate the displacement and localization in the environment.
a. Kinematic model of the electric wheelchair
The displacement of the electric wheelchair is given by the kinematic model defined with equations 7 which V d is the linear velocity of the right wheel, V g is the linear velocity of the left wheel, and ω is the angular velocity of the wheelchair. The position of the electric wheelchair is given by three parameters which are the x-coordinate, the y-coordinate and θ the orientation.
L: the distance between the driving wheels.
For the simulation and practice we use a discrete model defined by the system of equation 8.
T : The sampling period. Figure 6 . Kinematic scheme of a two-wheeled mobile electric wheelchair (8) b. The use of particle filter for data fusion Each particle represents a configuration of the electric wheelchair. This particle is associated with a weight representing the consistency between the configuration of the particle and the configuration of the electric wheelchair in its environment from observations. 
Where the weight associated to the particle i of the configuration .
Where are random variables.
Second step: Prediction step
During this stage, the data from the odometer will be used to move the particles. The evolution of the particle is given by:
Third step: Estimation step
We have n=8 ultrasonic sensors. For each particle i and for each sensor j we evaluate the error (12) Where is the distance returned by the sensor number j and is the distance computed by our simulator ultrasonic sensors depending on the configuration . We consider a Gaussian error , that is to say, the probability of measuring at the configuration is given by (13) The new coefficient of the particle is computed by using the following relationship:
The weights of the particles are adjusted using the equation:
Fourth step: Re-sampling Re-sampling is performed when the inequality < is verified [18] .
Initially, we create [ ] copies of the particle , [ ] is the integer part of . With this approximation, the number of particles generated is less than N. It is therefore necessary to add additional particles , is given by [21] :
VI. SIMULATION AND EXPERIMENTAL RESULTS
The navigation of the electric wheelchair occurs by the fuzzy controller to join the target and avoid obstacle. The localization of the electric wheelchair made in the first by the kinematic model using the information received by the encoders. In this paper we accurate the localization by using the particle filter.
The dimensions of the electric wheelchair for handicapped used in this application are as The sampling period used in all this paper is T=1 second. This time is necessary to get information with sensors and turn the control program.
We proceed in the first time by simulation using MATLAB. In the second step we implement the developed program using automatic control system described in section II.
a. Simulation results
We focus now on the simulation results obtained by the particle filter for the mobile electric wheelchair localization. The first simulations consist of a linear displacement of 3000 mm the initial start point coordinates are ) and the end point are .
Two obstacles are placed on y=750mm and y=500.
We performed the simulation of the particle filter with 1000 particles. Figure 7 shows us the result obtained by applying the fuzzy controller to join target and localization method with particle filter. The black cross on the curve position, show particles having the highest weights .We notice the decrease of the particle"s cloud which is due to the resampling. When a large number of particles deviate from the path, the estimated data may be incorrect.
The role of resampling is to overcome this problem by removing the particles with low weight and duplicating those with high weight. Therefore the number of particles must be sufficient to avoid the divergence of the filter. But by increasing the number of particles the calculation time increase too. Therefore, it"s necessary to have compromise between the number of particles to perform filtering and the calculation time. Figure 7 represent the simulation result using the ideal initial condition and the measure of displacement not affected by the error. The fuzzy controller permits to electric wheelchair to join the target. The localization by the particle filter is the same with odometers.
The purpose of this second simulation is to evaluate the performance of particle filter using data from ultrasonic sensors and odometers. We consider now the start position(x=0mm , y=0mm), but in reality it is (x=0mm, y=100mm). The real information obtained only by the ultrasonic sensors. The result shows a good localization using the particle filter. Indeed, the particle filter could correct the odometer"s errors especially during wheel rotation. The green curve represents the position obtained with particle filter. The blue curve represents the position obtained with odometers.
The third simulation represented by figure 9. We consider now the start position (x=0mm , y=0mm), but in reality it is (x=0mm, y= -100mm). In these simulations we managed to apply the data fusion using data from exteroceptive sensors and odometric information. The simulation Figure 8 . Simulation of particle filter with real start position (x=0mm, y=100 mm).
Target Start position
Position with particle filter results show that the particle filter method improves the localization. The results are more precise.
b. Particle filter for electric wheelchair localization
The electric wheelchair is equipped with an automatic control system. The software MATLAB compiles the developed program. Information from the sensors is received with a serial communication. The command is sent to the control unit by the serial link.
The test environment of the electric wheelchair is a hallway. At first, we placed the electric wheelchair in a hallway as the right wall is located at 500 mm from the wheelchair and the left wall is located at 750 mm figure 10. The table shows the measurements obtained in the experimental test presented in Figure 11 .
The first column shows the measurements obtained by odometric. The second and fourth columns give the calculated errors relative to the real position. The third shows the position estimated by particle filter. This result shows the improvement in localization and minimizing the positioning error. The particle filter serves to improve the performance of the navigation system to reach a target.
We consider another real case. The figure 12 shows the result of locating the electric wheelchair by particle filter in a real environment. The navigation system includes the doorway and the displacement in a hallway. The start position in this case is considered (X=1.65m, Y=2.5m, θ=Π/2). The localization with particle filter begins with the generation of the initial particles. They represent the probable positions of the wheelchair. During navigation, the wall detected by an ultrasonic sensor is an obstacle to avoid. At the same time, the measurement of this sensor is useful for localization. The estimated actual positions by the particulate filter are represented by black stars. In figure 12 , the localization of the wheelchair by the particulate filter is shown when passing through the door and when detecting wall by the left sensor.
Upon detection of an obstacle, the particulate filter gives the estimated. The navigation to achieve the target location is performed by the fuzzy controller associated with the obstacle avoidance algorithm. Improving the accuracy of the location was used to reach a target location with greater precision. Figure 12 . Navigation system includes the doorway and the displacement in a hallway Figure 13 represents the picture of the experimental test. The picture 1 represents the start of navigation. In progress the electric wheelchair pass throw the door (picture 2). The picture 3 shows the wheelchair oriented by the navigation system to join target. Finally, the trajectory obtained with navigation system and localization presented in picture 4. 
VII. CONCLUSIONS
This article treats the problem of sensor"s data fusion for the localization of a mobile robot main issue is to use a localization algorithm which must correct the errors of the sensors in order to return the estimated configuration close to the actual one. After verifying the correct functioning of the particle filter in the simulation part we preceded with experiments to evaluate the performance of this filter. The particle filter is an efficient method for resolving the problem of localization. Finally, the particle filter gives the accepted result and improves the performance of the fuzzy controller to join a real target position and the obstacle avoidance.
